In the field of ligand-gated ion channels, recent developments, both in the knowledge of structure and in the measurement of function at the single-channel level, have allowed a sensible start to be made on understanding the relationship between structure and function in these proteins. In this review, the cases of glycine, nicotinic ACh and glutamate receptors are compared and contrasted, and problems such as how binding of agonist causes the channel to open, and why partial agonists are partial, are considered. Some observations, both structural and functional, suggest that more attention needs to be paid to conformational changes that occur before the channel opens. Such changes might account for the interaction found between subunits of the glycine receptor while it is still shut and, perhaps, the agonist-dependent structural changes seen in AMPA receptors. They might also complicate our understanding of the binding-gating problem.
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'Francis Crick…said that in the pioneering days of structure determination researchers were driven by the conviction that once they had solved a biological structure, its function or mechanism would become immediately obvious. It came as a shock when they found this was not necessarily so and that the opposite was more frequently true.' [1] This review is a biased discussion of some recent work on glycine receptors, with reference to some other receptors where it seems appropriate, and where length allows. The aim is to discuss what can be learned about reaction mechanisms from single-channel analysis, and the extent to which it can be related to structure [2] [3] [4] . Desensitization is not considered owing to lack of space. As will be seen, it appears that, despite big advances in both areas, the link between them is still weak.
What is known about structure? Nicotinic ACh receptors Nicotinic ACh receptors have five subunits (two a and three non-a) arranged quasi-symmetrically around the channel. Our knowledge of structure comes mainly from the electron microscopy work by Unwin and co-workers on Torpedo receptors [5, 6] , and from the crystal structure of the Lymnea stagnalis ACh-binding protein [7, 8] . The latter is a soluble pentamer of five identical subunits, each with 210 amino acids (less than half the 437 residues of the human a1 subunit), and with 20 -24% sequence identity with the extracellular domain of nicotinic subunits. Unwin's work (resolution up to 4 Å ) is still the only source of structural knowledge about the four receptor transmembrane domains (M1 to M4) which form the channel, or about heteromeric receptors (Figure 1 ).
Glycine receptors
Glycine receptors are pentamers formed either from a subunits alone, or from both a and b subunits. Heteromeric glycine receptors have subunit composition a 3 b 2 [9-11] and three agonist-binding sites, rather than the two sites found in nicotinic ACh or GABA A receptors. The homomeric glycine receptor is discussed later. There is no direct evidence about the structure of glycine receptors, so structural inferences are based solely on analogy with nicotinic receptors.
Glutamate receptor family
The long-running controversy about whether glutamate receptors have four or five subunits is now settled beyond reasonable doubt in favour of four. In the NMDA-type receptor there are two NR1 subunits each of which binds one glycine molecule, and two NR2 subunits that bind glutamate [12, 13] . They are probably arranged as a dimer of dimers (one NR1 dimer and one NR2 dimer [14] ).
The agonist-binding region is thought to be made up of a 'clamshell' structure that is formed from two disjoint extracellular parts of the receptor -the S1 region which is N-terminal of M1, and the S2 region that is C-terminal of M2 (Figure 2 ). Crystal structures have been determined for a protein construct made by joining the S1 and S2 regions with an artificial linker. This has been achieved both for the GluR2 (AMPA-type) receptor [15] and for the NR1 (glycine-binding) subunit of the NMDA receptor [16] . As for the nicotinic receptor, atomic level resolution is available only for (part of) the extracellular domain, without its normal connection to the channel.
Relating structure and function
The link between agonist binding and opening of the channel The current structural knowledge of the transduction mechanism is restricted largely to the nicotinic receptor, and even in that case, it is still relatively speculative. Unwin's view is summarized in Box 1.
Crystallographic data give us only a static picture of the receptor. An ambitious functional approach to the problem
